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We describe a series of investigations that were
conducted in support of the Task Force on
Chemicals in the Environment and Human Re-
productive Problems in New Brunswick. Geo-
graphic and temporal analyses and case-control
studies, with the use of vital statistics, hospital
records, the Canadian Congenital Anomalies
Surveillance System and chemical databases,
revealed no association between pesticides used
in forestry and reproductive problems. Evidence
of an association between the potential exposure
to agricultural chemicals and three major
anomalies combined as well as spina bifida
without hydrocephalus was found. More plausi-
ble was an association between stillbirths and
such exposure during the second trimester of
pregnancy. This finding, along with the cyclic
patterns of stillbirth in the agricultural Saint
John River basin and the somewhat higher
stillbirth rates in New Brunswick than in adja-
cent provinces or in Canada as a whole, suggests
that further attention should focus on possible
associations between agricultural activity and
stillbirths.
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Les travaux dont nous faisons etat ont ete entre-
pris sous l'egide du Groupe de travail sur les
effets des produits chimiques du milieu ambiant
sur la reproduction humaine au Nouveau-Bruns-
wick. L'analyse de l'emploi des pesticides dans
l'exploitation forestiere selon le temps et le lieu
ne les met pas en rapport avec les troubles de la
reproduction; on a utilise a cette fin des compa-
raisons cas-temoin, les statistiques sanitaires, la
revue de dossiers hospitaliers, les donnees du
Reseau canadien de surveillance des malforma-
tions congenitales, aussi bien que des renseigne-
ments chimiques. Mais il existe un rapport entre
la possibilite d'exposition aux produits chimi-
ques agricoles vers le temps de la conception et
trois malformations congenitales majeures com-
binees aussi bien que le spina bifida sans
hydrocephalie d'une part, et un rapport plus net
avec la mortinatalite pendant le deuxieme tri-
mestre d'autre part. Vu l'evolution cyclique de
la mortinatalite dans la vallee agricole du Saint-
Jean et son plus haut taux au Nouveau-Bruns-
wick que dans les provinces limitrophes et
qu'au Canada dans son ensemble, il y a lieu
d'etudier plus avant leurs liens possibles avec
l'agriculture.

I n recent years there has been increased con-
cern about possible health risks from the aerial
spraying of forests in New Brunswick each

spring to combat the spruce budworm. Dichlorodi-
phenyltrichloroethane (DDT) was used from 1952,
when the program began, to 1967, when DDT's
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dangers became apparent; since then other chemi-
cals, mainly fenitrothion and aminocarb, have
been used. In addition, 2,4-dichlorophenoxy acetic
acid (2,4-D) and 2,4,5-trichlorophenoxy acetic acid
(2,4,5-T) have been aerially sprayed in forests to
control plant growth; 2,4-D has also been used for
agricultural purposes and for the maintenance of
right-of-ways for hydroelectric power lines.

Examination of possible adverse effects of
pesticides on human reproduction outcomes has
proved to be complex and controversial. Epidemio-
logic studies have explored the potential health
effects, especially reproduction outcomes, of the
military's use of herbicides and defoliants during
the Vietnam War.1 Reports from a symposium in
Ho Chi Minh City, Vietnam, suggested that expo-
sure to Agent Orange (a herbicide composed of
2,4-D and 2,4,5-T, with dioxin as a contaminant)
was associated with a high incidence rate of
adverse reproduction outcomes, especially molar
pregnancies, among the Vietnamese population.23
Westing4 added, however, that these data require
further assessment with more rigorous methodolo-
gy. Government-commissioned case-control
studies of Australian and American male veter-
ans5-7 did not reveal any clear patterns of increased
reproductive risks among these groups.

Case-control studies have also been conduct-
ed in nonmilitary contexts. Gordon and Shy8 used
ecologic data to explore simultaneous maternal
exposure to multiple agricultural chemicals in Iowa
and Michigan and found an increased risk for
facial clefts among offspring. Nelson and col-
leagues9 found a similar association in Arkansas
but attributed it to better case finding and not to an
increased risk. Studies of occupational groups
agricultural sprayers in New Zealand10 and chemi-
cal factory workers in Michigan11 - did not reveal
increased reproductive risks.

Information on the possible effects of maternal
exposure to chemicals used in forestry and agricul-
ture is sparse. Indeed, for forestry insecticides there
appear to have been no relevant epidemiologic
studies. The lack of such information may stem
from difficulties in measuring the exposure to these
chemicals and in assessing the incidence of adverse
reproduction outcomes, which may be quite rare or
may not be amenable to accurate reporting (e.g.,
spontaneous abortion). Policy-makers thus have
limited information to assist them in making man-
agement and regulatory decisions, and the public
has received little guidance from scientists or
govemment officials to help them deal with their
health concerns. These deficiencies are compound-
ed by difficulties in accessing pesticide registration
data in Canada.12

In New Brunswick public concern and media
attention have been primarily directed toward
possible health effects associated with several dec-
ades of insecticide use to combat the spruce
budworm. The Task Force on Chemicals in the
Environment and Human Reproductive Problems
in New Brunswick, an international panel of scien-

tists under the chairmanship of Dr. J. Donald
Hatcher, was commissioned by the New Bruns-
wick Department of Health to examine the data on
forestry and agricultural chemical use in relation to
the indicators of reproductive health for the prov-
ince, particularly from 1971 to 1981.13

The task force initially surveyed the relevant
literature and assessed the patterns and trends of
reproduction statistics, with particular emphasis on
comparisons with the patterns and trends of the
adjacent provinces - Quebec and Nova Scotia.
The occurrence of birth defects in New Brunswick
was compared with that in five other provinces,
data for which were available from the Canadian
Congenital Anomalies Surveillance System
(CCASS), a monitoring system established in 1966
by the Health Protection Branch of the Department
of National Health and Welfare.14 Despite general-
ly lower rates of reported birth defects, the rates of
neural tube defects were higher for New Bruns-
wick than for the five other provinces. Counties
within the agricultural Saint John River basin had
generally higher anomaly rates and more often had
unusual seasonal peaks compared with other coun-
ties. Spectral analyses of the incidence of stillbirths
revealed an approximately annual cyclic pattern in
seven adjacent counties, six of which were within
the Saint John River basin.15 These preliminary
findings provided the framework for the series of
studies described in this report.

Methods

Data collection

Data on reproduction outcomes were obtained
from two main sources. Information on stillbirths
was provided by Statistics Canada and information
on birth defects by the CCASS.

Information on the use of chemicals was
assembled in a format compatible with that used
for the data on stillbirths and congenital abnor-
malities. Data on the use of chemicals in forestry
were primarily derived from maps and records
compiled by the spray application companies and
the New Brunswick Department of Environment.
The maps are based on prior approval of spray
intentions, with regard to chemical composition
and areas to be sprayed, and are adjusted for
actual applications after spraying. Chemicals are
sprayed under specific weather conditions to mini-
mize aerial drift and to maximize accuracy. The
incentives for this process have to do with efficacy,
economics and accountability and in these respects
are considered to be reliable. However, some drift
inevitably occurs, and the exact boundaries of
maximum spray deposit cannot be strictly defined.
Furthermore, we realize that there is a distinction
between potential exposure and actual dose re-
ceived by a person, but validation of exposure
estimates was beyond the scope of this study. Such
potential errors would be randomly distributed in
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reference to case and control groups and would
dilute possible underlying associations.

Data on the use of chemicals in agriculture
were difficult to obtain. There are no records for
most of the period in question, and data on crop
production (upon which estimates of chemical use
could be based) exist only for census years. The
task force therefore used maps of soil capability,
which grade areas in terms of their suitability for
agricultural production, to serve as a basis for an
agricultural chemical exposure opportunity
(ACEO) index.

Exposure and outcome variables

Seven pesticide categories were considered:
fentrothion formulations, aminocarb formulations,
other forest insecticides, herbicides with some
phenoxy component, herbicides with only phen-
oxy, chlorinated herbicides and nonchlorinated
herbicides. The first three categories were recorded
according to mass (kilograms of active ingredient
per county), and the remainder were based on area
(number of hectares sprayed per county).

The selection of birth defects was based on
three general criteria: unusually high prevalence
rates, evidence that exposure to certain pesticides
might have been a plausible cause and availability
of sufficient data from the surveillance system.
Three types of abnormalities were identified: neu-
ral tube defects,"6 facial clefts8'17 and bilateral renal
agenesis.18 Most of the cases associated with these
abnormalities were thought to be well ascertained
by the CCASS, and there was no reason to expect
significant variations in New Brunswick during the
study period. In addition, a combined category of
these birth defects and a combined category of 40
abnormalities documented by the CCASS, as well
as stillbirths, were analysed.

Correlation analyses

Because exposure may produce effects over a
long period, depending on gestational age and
type of outcome, correlation coefficients were cal-
culated between outcome and exposure in all
counties over the available period for each of four
lag intervals: for the purpose of lagged analyses
the year is divided into four quarters. Within each
quarter, outcome can be correlated with exposure
(a lag 0 analysis). However, if there is a relation,
the outcome may be delayed one, two or even
three quarters from the time of spraying if the time
required for fetal development is considered. In
addition, some unknown delay may exist between
the time of spraying and certain types of indirect
exposure (e.g., to water and food). For these
reasons a series of four analyses was carried out for
all quarters in the period studied, corresponding
with lags 0, 1, 2 and 3. All correlation coefficients
were assessed in terms of whether the lag intervals

were consistent with recognized periods of fetal
organogenesis. The strength of the association
between the rate of occurrence of the abnormalities
and the degree of exposure to each of the seven
chemical groups (at all quarterly lag intervals) in
each county when spraying actually took place was
measured with the Pearson correlation coefficient.

Comparison ofmean rates

The mean rate of occurrence for each outcome
of interest when spraying took place and the
corresponding mean rate in the subsequent three
quarters (and all quarterly lag intervals) were
compared for each county-chemical combination.
The purpose of this analysis was to assess whether
a presumed exposure was followed by an elevation
in the rates of outcome and, if so, by what length
of time. This analysis complemented the lagged
correlation analysis because it included data for
counties and quarters in which no spraying took
place.

Case-control studies

Cases were those ascertained by the CCASS
from 1973 to 1979, the period judged to have the
most complete ascertainment of abnormalities.
Controls were identified from the Provincial Regis-
try of Livebirths and were selected by Statistics
Canada. When more than one eligible control was
available, selection was effectively random. Each
case-control study contained approximately two
controls for every case: one set of controls was
matched to the cases for date of birth and sex, and
the second set was matched for county and date of
birth but was chosen from a different year. The
first set of controls, therefore, fully exploited the
geographic variability, and the second set exploited
the yearly variations, when applicable, in the
amount and the areas sprayed. The final numbers
of cases and controls were not identical because of
the exclusion of a few people who were in New
Brunswick at the time of birth but were not
provincial residents. Table I describes the sample
characteristics of the study.

To estimate the power of the study of still-
births, the minimum detectable relative risk was
calculated by the assumption that there were 295
cases, an equal number of controls and a preva-
lence rate of exposure of 30% (based on the
highest prevalence rate obtained). The relative
risks detectable under these circumstances are a
function of two probabilities: that the null hypoth-
esis will be rejected when it is actually true (a) and
accepted when it is incorrect (X3). A minimum
detectable relative risk of less than 2.0 can be
achieved when a is 0.05 at all three levels of i
(0.05, 0.1 and 0.2). This relative risk compares
reasonably well with those of many other studies
in environmental health and gives some idea of the
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potential power of this study under these fixed
assumptions. The same power calculations apply
when the three main defects are combined.

The residence was the municipality where the
mother lived at the time she gave birth; an
"exposure-risk window", the critical period of
organogenesis or fetal development during which a
chemical exposure could have a teratogenic effect,
was calculated for each person. The first trimester
included the 2 weeks before and the 13 weeks after
conception, a period of susceptibility to birth
defects. The second trimester was from 14 to 27
weeks' gestation. An additional exposure-risk win-
dow was established for neural tube defects: a
"periconceptional" period, from 2 weeks before to
5 weeks after conception. The following procedure
was used to calculate the exposure-risk windows.

* For each case or control subject for which
the risk window coincided with a spray period the
mother's place of residence was determined and
located on the appropriate map.

* A circle with a 5-km radius was centred
over the residence on the map. The circle repre-
sented an area of approximately 78.5 km2 and
contained 100 dots, each dot being positioned so
that it represented 1% of the area.

* Potential exposure to forestry insecticides
was quantified by counting the number of dots in
the circle that were superimposed on the sprayed
areas on the map. If none of the dots were so
superimposed, the potential exposure was repre-
sented by 0%, whereas if half of the circle was
superimposed on a sprayed area the potential
exposure was 50%. The ACEO index was deter-
mined in a similar manner, the period of agricul-
tural activity during which chemicals are used
being considered. Because of the imprecise areas
on the map that depicted areas sprayed with
phenoxy herbicide, only a plus or minus score was
assigned for this group of chemicals.

Because a temporal association was found
between insecticide use and stillbirths at the first
lag interval (approximately a second-trimester ex-
posure), a set of case-control studies of stillbirths
in the second trimester was also conducted. Results
of all analyses were stratified by control group,
length of gestation, maternal and paternal age, and
geographic location (upper or lower New Bruns-
wick counties or. the Saint John River basin).
Standardized risk ratios (SRRs) were calculated for
all exposure categories and assessed for statistical
significance.

Confidence limits of 95% were calculated for
all SRR estimates and were mostly derived by an
iterative method,19 except in instances involving
small numbers.20 Chi-squared tests for association
were performed in all comparisons of exposure to
test the null hypothesis that the SRR was 1.0 (i.e.,
there was no effect of that level of exposure on the
outcome). In addition, chi-squared tests for homo-
geneity to test the null hypothesis that all of the
SRRs were 1.0 simultaneously and for trend in
disease risk with increasing levels of exposure were
carried out in accordance with methods described
by Armitage;21,22 these two approaches correspond
with "all-or-none" and "dose-response-gradient"
hypotheses of biologic responses to exposure.
Summary analyses, adjusted for the strata noted
previously, were carried out with the use of the
Mantel-Haenszel method.23 The level that was
set for statistical significance in any instance was
a = 0.05.

Limitations

For statistical analysis it was necessary to
group formulations without reference to additives
or emulsifiers, and no account could be taken of
variation in the concentrations of impurities.

Table 1 Number of cases and controls in studies of birth defects and stillbirths possibly associated with pesticide<.
and herbicides in New Brunswick
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Spray-intention records were adjusted for actual
application, but the potential for errors in estimat-
ing or recording could not be assessed. The data
available did not permit adjustment for personal
geographic mobility on a daily or multiple residen-
tial-work station basis, so that each subject had to
be viewed as an "average", based on a fixed
location. Some people also may have changed
their residential address between the time of po-
tential critical exposure (the exposure window) and
the time they gave birth, when the residential
address was recorded. Although aerial drift occurs
because of fluctuations in temperature, humidity,
wind velocity and spray technology, it was not
feasible to take these factors into account. In
addition, exposure and dose were not synon-
ymous, and no account was taken of the type of
employment, which could have involved occupa-
tional exposures.

The correlation analyses and comparisons of
mean rates were conducted only as exploratory
ecologic studies, which might none the less reveal
associations worthy of further investigation. The
case-control studies, which were based on individ-
ual estimates of potential exposure, offered the
most acceptable basis for judging the presence or
absence of an association.

For the study of birth outcomes a short-term
exposure-outcome model was considered most
plausible. However, the possibility of long-term
cumulative effects cannot be ruled out, although
such effects were considered less likely on the
basis of current knowledge. Similarly, our studies
focused on maternal exposures; paternal exposures
might also have been of some importance, but
there is less precedent.

Despite these limitations, the exposure infor-
mation for chemicals used in forestry compares
favourably with the information on environmental
health issues in general and is far superior to that
available on the use of the chemicals in agriculture.
Lack of data on agricultural use led to the develop-
ment of the ACEO index, which indicated poten-
tial exposure but not necessarily actual chemical
use or exposure.

Results

Correlations and comparisons ofmean rates

Because of the data limitations just described,
these preliminary analyses could be conducted
only for forestry pesticides. Correlation analyses of
discrete anomaly categories and subcategories re-
vealed 19 statistically significant positive coeffi-
cients, when approximately 14 had been expected
by chance; only 10 corresponded with embryologi-
cally plausible lag intervals after exposure: 5 were
associated with exposure to insecticides and 5 to
herbicides. The strength of the correlation coeffi-
cients was adequate for further study in four
instances of insecticide use and in two of herbicide
use. None of the coefficients gained further sup-
port from the comparison of the mean birth defect
rates between sprayed and unsprayed periods at
the appropriate lag interval. Given the inconsisten-
cy between the results of the correlation analyses
and comparisons of mean rates, these findings
could have little importance.

Case-control studies

No overall association was detected between
the number of stillbirths and potential exposure to
fenitrothion, aminocarb, phenoxy herbicides or
agricultural chemicals during the first trimester of
pregnancy. The highest estimated relative risk was
found for the gestational age of 20 to 29 weeks in
relation to the ACEO index, but this was not
statistically significant.

The combined category of all neural tube
defects, facial clefts and renal agenesis was not
associated with potential exposure to insecticides
and herbicides used in forestry, phenoxy herbi-
cides or chemicals used in agriculture. However, in
the analyses of geographic location (upper or lower
New Brunswick counties) the two significantly
elevated SRRs were at the highest level of postu-
lated exposure to agricultural chemicals in the
upper counties (Table II).

Table 11 - Standardized risk ratios (SRRs) for a severe congenital anomaly after potential exposure to agricultural
chemicals 2 weeks before and 5 weeks after conception, by control group and residence in upper and lower regions
of New Brunswick

Agricultural chemical exposure
Not in opportunity index category; SRR

Control group; exposure
region window 1-10 11-40 > 41

Group 1 1.00
Upper t 0.86 0.65 2.49t
Lower 1.26 1.99 1.94 1.08

Group 2 1.00
Upper 3.13 1.63 0.80 1.97t
Lower 0.98 3.72 1.13 1.07

*In exposure window but zero exposure.
tlnsufficient data for calculation of risk ratio.
tp < 0.05.
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None of the facial cleft categories (cleft lip and
palate, cleft lip alone and cleft palate alone) nor
anencephaly was associated with potential expo-
sure to fenitrothion or agricultural chemicals dur-
ing the first trimester of pregnancy. There was also
no association between anencephaly and such an
exposure during the periconceptional period.

There was some evidence that all neural tube
defect categories combined were associated with
potential exposure to agricultural chemicals during
the periconceptional period. Examination of the
subcategories revealed a fairly strong association
between spina bifida without hydrocephalus and
the ACEO index (p = 0.01) (Fig. 1). This associa-
tion was characterized by substantially elevated
estimated risks in the upper counties and the Saint
John River basin. Analysis of the combined catego-
ry of all spina bifida defects failed to reveal any
relation to the ACEO index during the periconcep-
tional period.

The case-control studies of renal agenesis
were limited because of the small sample (only 30
cases). Although no clear evidence of an associa-
tion was obtained between this group and poten-
tial exposure to fenitrothion or agricultural chemi-
cals, the possibility of an association with feni-
trothion was raised because of a statistically signifi-
cant elevation of the SRR in the lower of two
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Fig. 1 Standardized risk ratios (SRRs) for spina
bifida without hydrocephalus after potential exposure
to agricultural chemicals during periconceptional pe-
riod, adjusted for residence in Saint John River basin.
NIW = not in exposure window; NE = in exposure
window but no exposure; T40 = exposure opportunity
index categories 1 to 40; upper limit on T40 is 114.1.
X represents 95% confidence limit; x2 linear trend
p value = 0.01.

categories of exposure during the periconceptional
period in reference to the first control group. This
may warrant further consideration.

Stillbirths were found to be significantly asso-
ciated with potential exposure to agricultural
chemicals during the second trimester and showed
some evidence of an exposure-response gradient
(p = 0.0332) (Fig. 2).

Discussion

The nature of this investigation, in the context
of public concern, required that any possible asso-
ciation between the exposures and the outcomes
selected for the study had to be examined. This
inevitably meant that many statistical tests had to
be performed, and there was a consequent risk of
multiple-testing bias. However, statistical signifi-
cance was not the sole criterion of association.

In assessing the results of these studies, we
considered evidence of an association acceptable if
it stemmed from a case-control study and consist-
ed of statistically significant differences or trends in
risk across ordered categories of exposure, in a
direction consistent with an exposure-response
gradient, during an embryologically plausible ex-
posure period. Other criteria included the specifici-
ty and strength of the association, the consistency
with other epidemiologic evidence in New Bruns-
wick, and the existence of compatible experimental
and epidemiologic evidence from the scientific
literature. These criteria are in accordance with
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Fig. 2- SRRs for stillbirth after potential exposure to
agricultural chemicals during second trimester, ad-
justed for maternal age. Mantel-Haenszel extension
p value = 0.0332.
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those described by Hill24 in 1965, which are now
widely applied to the problem of causal inference.
Elevated correlation coefficients or differences in
the mean rates of outcome between exposure and
nonexposure periods that were not supported by
findings from a case-control study were not ac-
cepted as evidence of association.

No acceptable evidence of an association was
thus found between any of the forestry pesticides
studied and any outcome category, except perhaps
for fenitrothion in the first trimester and renal
agenesis. Although not supported by correlation
analysis and comparisons between mean rates, an
underlying association might not have been detect-
ed because of the small numbers. There was
insufficient evidence of a causal association, and
even the existence of a noncausal association
should be seriously questioned.

An association between the ACEO index and
the combined category of the three main defects
was considered biologically plausible because of
compatible experimental and epidemiologic evi-
dence, even though this association lacked good
evidence of a biologic gradient, strength and speci-
ficity. The fact that spina bifida without hydro-
cephalus and not the combined category of all
spina bifida defects was associated with the ACEO
index detracted from the plausibility of this associ-
ation. The ACEO index, although based on our
extrapolation from land use and recommended
chemical use, might none the less represent some
nonchemical characteristic (e.g., work patterns re-
lated to agricultural land use). The case of underly-
ing causes clearly must be further investigated in
the region, given the importance of neural tube
defects.

The association of stillbirths and exposure to
agricultural chemicals during the second trimester
of pregnancy showed some evidence of an ex-
posure-response gradient but could not be consid-
ered specific because neither the ACEO index nor
the stillbirth rate was a discrete entity. Consistency
is gained from the previous evidence of cyclic
patterns of stillbirths within the Saint John River
basin and the somewhat higher stillbirth rates in
New Brunswick than in Quebec and Nova Scotia
or in Canada as a whole. This association must be
explored further.

Recent studies of nitrate levels in Carleton
County, conducted by the New Brunswick Depart-
ment of Health, have revealed elevated levels in
up to 18% of the wells sampled (Donald J.
Ecobichon et al: unpublished data, 1985). Al-
though there was some evidence of seasonal fluc-
tuation in the nitrate concentrations, the variation
rarely exceeded 30%. An Australian study of
maternal drinking water and birth defects revealed
an association between nitrate concentrations and
the risk of neural tube defects.25 A groundwater
contamination hypothesis may be compatible with
our ACEO index association, which includes a
seasonal as well as a land-use component.

We realize that there were methodologic limi-

tations to our study. In addition to the assumptions
underlying estimated exposures and the limited
statistical power to identify rare associations, it is
possible that some women who knew they were
exposed to chemicals had therapeutic abortions.
Such limitations would tend to dilute any underly-
ing associations and therefore strengthen the argu-
ment for further investigation in light of the actual
findings, particularly in the agricultural context.

The results we have presented suggest that
further attention be focused on the possible associ-
ations between factors in the agricultural environ-
ment and reproduction problems, particularly neu-
ral tube defects and stillbirths. This suggestion is
reasonable because of the increased potential for
hazardous exposures in agricultural areas: chemi-
cals are applied close to dwellings, and farmers,
along with their helpers and families, may have
minimal training in handling, applying and dispos-
ing of chemicals. Chemicals or their residues may
be brought into the home on clothing and food
and may contaminate water supplies. Future re-
search should also consider nonchemical hazards
such as physical or emotional stress and mechani-
cal accidents.

We gratefully acknowledge the support of the New
Brunswick Department of Health as well as the technical
assistance of the Department of National Health and
Welfare, Statistics Canada and Hugh Millward, Depart-
ment of Geography, Saint Mary's University, Halifax.

Members of the Task Force on Chemicals in the
Environment and Human Reproductive Problems in
New Brunswick were Dr. J. Donald Hatcher (chairman),
Dalhousie University, Halifax; Dr. Franklin M.M. White
(vice-chairman), Dalhousie University; Dr. Irvin Emanu-
el, University of Washington, Seattle; Dr. Jacqueline
Fabia, Laval University, Quebec; Dr. F. Clarke Fraser,
Memorial University, St. John's; Dr. Gerald S. Marks,
Queen's University, Kingston, Ont.; Dr. Ross McCurdy,
Dalhousie University; Dr. Victor D. McLaughlin, Saint
John, NB; Dr. Godfrey P. Oakley, Centers for Disease
Control, Atlanta; Dr. Jack Siemiatycki, Institut Armand
Frappier, Montreal; Dr. Elizabeth Winsor, Dalhousie
University; Dr. Fay G. Cohen (research officer), Dalhou-
sie University; and Dr. Greg Sherman (consultant),
Department of National Health and Welfare, Ottawa.

References

1. Hay A: The Chemical Scythe: Lessons of 2,4,5-T and
Dioxin, Plenum Pub, New York, 1982: 161-162

2. Can N: Effects on offspring of paternal exposure to herbi-
cides. In Westing AH (ed): Stockholm International Peace
Institute. Herbicides in War: the Long-term Ecological and
Human Consequences, Taylor & Francis, London, 1984:
137-140

3. Norman C: Vietnam's herbicide legacy: recent studies in
Vietnam have found long-term environmental damage and
a possible rise in birth defects from U.S. spraying. Science
1983; 219: 1196-1197

4. Westing AH (ed): Reproductive epidemiology: an overview.
In Stockholm International Peace Institute. Herbicides in
War: the Long-term Ecological and Human Consequences,
Taylor & Francis, London, 1984: 141-149

5. Commonwealth Institute of Health: Report to the Minister
for Veterans' Affairs: Case-Control Study of Congenital

CMAJ, VOL. 138. JANUARY 15. 1988 123



Anomalies and Vietnam Service, Australian Govt Publ
Serv, Canberra, 1983

6. Erickson JD, Mulinare J, McClain PW et al: Vietnam
Veterans' Risk for Fathering Babies with Birth Defects, US
Dept of Health and Human Services, Bethesda, Md, 1984

7. Lathrop GD, Wolfe WF, Albanese RA et al: An Epidemio-
logical Investigation of Health Effects in Air Force Person-
nel Following Exposure to Herbicides: Baseline Morbidity
Study Results (Air Force Health Study, Project Ranch Hand
II), USAF School of Aerospace Medicine, Brooks Air Force
Base, Texas, 1984

8. Gordon JE, Shy CM: Agricultural chemical use and congen-
ital cleft lip and/or palate. Arch Environ Health 1981; 36:
213-221

9. Nelson CJ, Holson JF, Green HG et al: Retrospective study
of the relationship between agricultural use of 2,4,5-T and
cleft palate occurrence in Arkansas. Teratology 1979; 19:
377-384

10. Smith AH, Fisher DO, Pearce N et al: Congenital defects
and miscarriages among New Zealand 2,4,5-T sprayers.
Arch Environ Health 1982; 37: 197-200

11. Townsend JC, Dobner JM, vanPeenen PFD et al: Survey of
reproductive events of wives of employees exposed to
chlorinated dioxins. Am J Epidemiol 1982; 115: 695-711

12. Cohen FG, White FMM, McCurdy RF et al: Access to
pesticide registration data in Canada: Who should know?
Can Med AssocJ 1987; 136: 329-332

13. Hatcher JD, White FMM: Final Report: Task Force on
Chemicals in the Environment and Human Reproductive
Problems in New Brunswick, Dalhousie University, Halifax,
Mar 22, 1985

14. Sherman GJ: The Canadian Congenital Anomalies Surveil-
lance System: an update. Chron Dis Can 1983; 4: 43-44

15. Hatcher JD, White FMM: Second Report: Task Force on
Chemicals in the Environment and Human Reproductive
Problems in New Brunswick, Dalhousie University, Halifax,
Jan 10, 1984: 222

16. Elwood JM, Elwood JH: Epidemiology of Anencephalus
and Spina Bifida, Oxford U Pr, Oxford, 1980

17. Bass R, Nau H: Transfer of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) to the mouse
embryo, fetus and neonate [abstr]. Naunyn Schmiedebergs
Arch Pharmacol 1981; 316 (suppl): R23

18. Giavini E, Prati M, Vismara C: Rabbit teratology study with
2,3,7,8-tetrachlorodibenzo-p-dioxin. Environ Res 1982; 27:
74-78

19. Cornfield J: A statistical problem arising from retrospective
studies. In Neyman J (ed): Proceedings of the 3rd Berkeley
Symposium on Mathematical Statistics and Probability, vol
4, U of Cal Pr, Berkeley, 1956: 135-148

20. Miettinen 0: Estimability and estimation in case-referent
studies. Am J Epidemiol 1976; 103: 226-235

21. Armitage P: The chi-square test for heterogeneity of pro-
portions, after adjustment for stratification. J R Statist Soc
1966; B28: 150-163

22. Idem: Tests for linear trends in proportions and frequencies.
Biometrics 1955; 11: 375-386

23. Mantel N, Haenszel W: Statistical aspects of the analysis of
data from retrospective studies of disease. J Natl Cancer
Inst 1959; 22: 719-748

24. Hill AB: The environment and disease: Association or
causation? Proc R Soc Med 1965; 58: 295-300

25. Dorsch MM, Scragg RKR, McMichael AJ et al: Congenital
malformations and maternal drinking water supply in rural
South Australia: a case-control study. Am J Epidemiol
1984; 119: 473-486

(ranitidine HCI)

Prescribing Information
Zantac Tablets (ranitidine hydrochloride)
Pharmacological Classification Histamine H 1-receptor antagonist
Indications and Clinical use Zantac Tablets are indicated for the treatment of all
conditions where a controlled reduction of gastric secretion is required for the rapid relief of
pain and/or ulcer healing. These include duodenal ulcer, benign gastric ulcer and reflux
oesophagitis.
Contraindications Zantac is contraindicated for patients known to have hypersensitivity to
the drug.
Warnings- Gastric ulcer -- Treatment with a histamine H -antagonist may mask symp-
toms associated with carcinoma of the stomach and therefore may delay diagnosis of the
condition. Accordingly, where gastric ulcer is suspected the possibility of malignancy should
be excluded before therapy with Zantac Tablets is instituted.
Precautions - Use in pregnancy and nursing mothers -The safety of Zantac in the
treatment of conditions where a controlled reduction of gastric secretion is required during
pregnancy has not been established. Reproduction studies performed in rats and rabbits have
revealed no evidence of impaired fertility or harm to the foetus due to Zantac. If the
administration of Zantac is considered to be necessary, its use requires that the potential
benefits be weighed against possible hazards to the patient and to the foetus. Ranitidine is
secreted in breast milk in lactating mothers but the clinical significance of this has not been
fully evaluated.
Use in impaired renal function Ranitidine is excreted via the kidney and in the presence
of severe renal impairment, plasma levels of ranitidine are increased and prolonged.
Accordingly, in the presence of severe renal impairment, clinicians may wish to reduce the
dose to a half of the usual dose taken twice daily.
Children - Experience with Zantac Tablets in children is limited and such use has not been
fully evaluated in clinical studies. It has however been used successfully in children aged 8-18
years in doses up to 150 mg twice daily without adverse effect.
Interactions with other drugs -Although ranitidine has been reported to bind weakly to
cytochrome P450 in vitro, recommended doses of the drug do not inhibit the action of the
cytochrome P450-linked oxygenase in the liver. There are conflicting reports in the literature
about possible interactions between ranitidine and several drugs; the clinical significance of
these reports has not been substantiated. Amongst the drugs studied were warfarin,
diazepam, metoprolol and nifedipine.
Adverse Reactions - Headache, rash, dizziness, constipation, diarrhoea and nausea have
been reported in a very small proportion of drug-treated patients but these also occurred in
patients receiving placebo. A few patients on re-challenge with Zantac have had a recurrence
of skin rash, headache or dizziness. Some increases in serum transaminases and gamma-glu-
tamyl transpeptidase have been reported which have returned to normal either on continued
treatment or on stopping Zantac. In placebo controlled studies involving nearly 2,500
patients, there was no difference between the incidence of elevations of SGOT and/or SGPT
values in the Zantac-treated or placebo-treated groups. Rare cases of hepatitis have been
reported but have been transient and no causal relationship has been established.

Anaphylactoid reactions (anaphylaxis, urticaria, angioneurotic oedema,.bronchospasm)
have been seen rarely following the parenteral and oral administration of Zantac. These
reactions have occasionally occurred after a single dose.

Decreases in white blood cell count and platelet count have occurred in a few patients.
Other haematological and renal laboratory tests have not revealed any drug related abnormalities.

No clinically significant interference with endocrine or gonadal function has been reported.
Symptoms and Treatment of Overdosage- No particular problems are expected
following overdosage with Zantac. Symptomatic and supportive therapy should be given as
appropriate. If need be, the drug may be removed from the plasma by haemodialysis.
Dosage and Administration -Adults: Duodenal ulcer and benign gastric ulcer: 300 mg
once daily, at bedtime. It is not necessary to time the dose in relation to meals. In most cases
of duodenal ulcer and benign gastric ulcer, healing will occur in four weeks. In the small
number of patients whose ulcers may not have fully healed, these are likely to respond to a
further course of treatment.

Patients who have responded to this short term therapy, particularly those with a history
of recurrent ulcer, may usefully have extended maintenance treatment at a reduced dosage of
one 150 mg tablet at bedtime.

To help in the management of reflux oesophagitis, the recommended course of
treatment is one 150 mg tablet twice daily for up to 8 weeks.

Experience with Zantac in children is limited and it has not been fully evaluated in clinical
studies-see Precautions.
Availability - Zantac Tablets are available as white film-coated tablets engraved
ZANTAC 150 on one face and GLAXO on the other, containing 150 mg ranitidine (as the
hydrochloride), in packs of 28 and 56 tablets.
Zantac Tablets are also available as white, capsule shaped, film-coated tablets engraved
ZANTAC 300 on one face and GLAXO on the other, containing 300 mg ranitidine (as the
hydrochloride) packed in cartons containing 28 tablets.

Zantac Injection is available as 2 mL ampoules each containing 50 mg ranitidine (as the
hydrochloride) in 2 mL solution for intravenous or intramuscular administration. Packages of
10 ampoules.
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